Results from the various calibration iethods are found to be ih agreemert with each other within + 1.5 percent.
in Reference 1 in some detail so they will not be described here. A A reference charge is applied to the oscillograph (first pulse in is very large (20,000:1) compared to the interior volume of the solenoid valve, the dial manometer may be read and assumed to -give the magnitude of the pressure pulse applied to the transducer.
A simple comparison of the pulse heights of the reference charge and pressure pulse allows one to calculate the charge output per unit applied pressure. Three to five calibrations will establish a calibration accuracy error of less than 2 percent. 
III. CALIBRATION BY SHOCK TUBE
The air-pulse calibrations described are both simple and quite accurate, but are somewhat limited by the risetime of about a millisecond caused by the orifices of the particular valves used. This is a disadvantage in that a transducer may function during a slow-rise air-pulse calibration but may have a dfffe. ent output or fail during the air shock loading. The transducer, when shock loaded, may be stimulated to vibrate, or ring at its natural frequency, and may break. To check this possibility, the somewhat more diffic,,lt shock tube calibrations are also used as a part of the transducer test program.
There are presently several shock tubes 3 available at BRL for this testing. Three such shock tubes will be described here: (1) the 24-inch shock tube, (2)-'a 2-inch calibration shock tube, and (3) the 2-inch The 2-inch calibration shock tube will be described in some detail, but the other tubes will be mentioned only briefly. Only needed working equations from the theory of shock tubes *will be presented since an excellent review of shock tubes is available to the reader in Reference 4.
A.
24-Inch Shock Tube
The 24-inch shock tube is a constant area, cold gas driver type with a shock pressure range from less than 1 psig to 30 psig when air is used as a driver. The shock wave is started dovr the tube when a restraining diaphragm at the driver section is broken by a plunger. When the shock wave arrives at the test section ( 
where T 1 is measured in degrees Centigrade.
When the shock tube is used for calibration, the transducer under-;
going testing is installed flush with the inside wall of the test sect/ion and exposed to the desired shock overpressure. The output from the Unwanted vibration noise has been removed by an electrical filter shown in Figure 6 . Again, as in the air-pulse calibrations, the charge output per unit applied shock pressure may be calculated by using a known reference charge (not shown) and the value of the shock front pressure as calculated from the velocity system. The pulse risetime for the applied shockwave is limited by the crossing time over the sensitive element of the test transducer.
If calibration at a still faster risetime is desired, the pressure transducer may be mounted in a face-on position in the closed-end plate of the test section. In this position, the shockwave will hit the transducer normal, with a reflected pressure rise of less than a microsecond. To use the reflected pressure for a calibration, Equation (3) is used:
where P is the reflected overpressure corresponding to the calculated ref side-on shock pressure, Ps, for an ambient pressure, Pl. Equations (1) and (3) are for an assumed ideal air. Corrections for air as an imperfect gas may be made by using information from References 5 -8 if more accurate calibrations are desired at the higher overpressures.
Usually reflected pressure calibrations are not made in the 24-inch shock tube, but are more easily accomplished in the smaller calibration shock tube described next.
B. 2-Inch Calibration Shock Tube
The 2-inch calibration shock tube is a smaller and much simpler copy of the 24-inch shock tube. The 2-inch tube also operates from a cold gas driver and is of constant area throughout. Instead of air, compressed bottled helium or nitrogen are used as driver gases; these cause pre-selected diaphragms to break and create the shock waves. Close A short 6-inch baseline bvtween conter tr'Igger pickups is used to minimize any shock front attenuation that msy occur. In order to adjust the counter triggers for equal risetine. an plitude, considerable care must be used; otherwise, a velocity error vizlj .ause an incorrect value for the calibration shock pressure.
BRL-2 piezo-electric transduce 's are curretly used for the triggers in the calibration shock tube. The ollowing procedure is followed when setting up the trigger levels. 'on the c oltez, j n-may be used for other types of" triggers as well. The method, is as folliows: Here V is trigger voltage, Q is the charge output in pC/psi (obtained from the air pulse calibrations), C c is cable capacitance in pF, C is transducer capacitance, Cin is input capacitance to counter, Cb is ballast capacitance, if any, and P is equal to one-half the expected calibration shock overpressure, Ps, in psi.
Connect charge and voltage reference unit to counter start
,and stop inputs and adjust trigger voltage level to V calculated from
Step 1 above. The voltage reference used is described later in Section
IV.
The 2-inch calibration has test ports both side-on in the test section and face-on in the closed-end flange for a reflected pressure calibration. The peak-pressure instrument is omitted from the 2-inch tube, but the velocity system is used as in the 24-inch shock tube. A change in the fill-rate or a substitute diaphragm of different hardness will change the expected pressure. To maintain the expected values, it is also necessary to evacuate the helium driver gas (if used) from the entire test section. The use of a vacuum cleaner for a period of a minute or so does an adequate job.
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The pressure-time histories of the shock waves for some typical shots are shown in Figures 9 and 10 . There occurs some vibration of larger amplitude than that seen in the traces from the 24-inch tube.
These vibrations make the trace harder to read, but this difficulty is offset by the ease of operation and the greater range of calibration pressures available with the smaller tube.
C. 2-Inch Propellant Driver Shock Tube
The ranges of calibrat.on pressure are 'extended still higher than is possible in the 2-inch calibration tube by the use of M-9 propellant to drive a shock tube. 9 A gun with a 2-inch bore was altered to withstand the high pressure shock wave caused by burning propellant. This wave is contained by a diaphragm separating the driver and test sections. As in the calibration shock tube, a diaphragm is chosen to break with the desired driver pressure. A sketch of the shock tube and typical traces from the transducers are shown in Figures 11 and 12 . Again, the records show increased vibration as the shock pressure is increased.
The test environment in the propellant shock tube is one of very harsh temperature and pressure, but these conditions give a more realistic evaluation of transducers intended for field use where they are to measure blast waves from large scale explosions.
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___. The maximum drop height has been increased from 4 feet to 6 feet. The maximum pressure range, as stated, is about twice the maximum range of the smaller tester, 50,000 psig. 
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B. Hydraulic Pressure Reference Transducer
Since commercial reference transducers of the strain gage-type do not seem to hold up under repeated dynamic pulsing, it was necessary to design and build a reference transducer suitable for the drop test calibrators.
A highly accurate tourmaline hydraulic pressure reference transducer was built usiig a single disc of tourmaline suspended free of edge effects or stress in a silicone oil. Since no covering diaphragm was used, a very linear transducer was obtained, with a full scale linearity of 0.4 percent.
This is the limiting accuracy of our readout system, and the reference transducer may even surpass this accuracy. The useful pressure range is from .00 psig to 50,000 psig with a maximum freqtency response of 100 KC.
The transaucer was constructed with a single gold plated tourmaline disc 0.150 inch in diameter by 0.005 inch in thickness. The disc was mounted to a supporting frame in a stress-free manner by using an epoxy The reference unit serves three main purposes during the calibration t, ests. The first purpose is to furnish a charge reference pulse for comparison.-with the air pulse or shock pressure. This is needed for the calculation of charge output per unit applied pressure. Secondly, the trigger levels to the velocity system counters and digital voltmeters are accurately set to match the anticipated calibration pressures. Thirdly., the reference unit is used periodically to monitor the gain of the oscilloscope and charge ampilfiers to detect any gain change during the tests. To insure reference unit accuracy, traceability is maintained to the National Bureau of Standards.
V. INFLUENCE OF TEMPERATURE UPON THE CALIBRATIONS
When exposed to a change in ambient temperature (indoor~s to outdoors), or a transient temperature (shock temperature), the sensing element of a transducer may experience a change in outpat. 1 This effect may either add to or subtract from the true pressure-time profile as recorded, and the error may be quite large.
A. Effect of Ambient Temperature
In order to evaluate the effect caused by ambient temperature changes, the pressure transducer is air pulse calibrated while it is in a temperature chamber. The chamber now in use is a Tenney Jr.
Proportion Null 1300 Series with a temperature range from -100 OF to 
